Abstract. In Myanmar, 60% of the population consists of mothers and children, and they are the groups most vulnerable to anemia. The objectives of this study are to determine (1) the anemia prevalence among lactating women and (2) the risk factors associated with anemia. Convenience sampling was used to select three villages in two different regions (Kachin and Shan) in Myanmar. Hemoglobin and anthropometric indicators were measured for 733 lactating women. Logistic regression analyses were used to determine factors associated with anemia. The anemia prevalence rate was 60.3% in lactating women, with 20.3% of lactating women having severe anemia. Factors of malnutrition (P = 0.026), self-reported symptoms of night blindness or poor dark adaptation (P 0.001), lack of primary education experience (P 0.001), low family annual capita income ( 800 MMK; P 0.001), drinking spring or river water (P 0.001), and drinking unboiled water (P = 0.016) were associated with anemia. To promote health in lactating women, a comprehensive intervention is needed in these regions.
INTRODUCTION
Maternal and child anemia is highly prevalent in lowincome countries, resulting in substantial increases in mortality and overall disease burden. 1 The World Health Organization (WHO) has reported that anemia contributes to 324,000 deaths and 12,500,000 disability adjusted life-years (DALYs) in southeast Asia, and these numbers are among the highest in the world. 2 Myanmar is the largest country in southeast Asia geographically, with over 70% of its population residing in rural areas. 3 Over 60% of the population (55.4 million as of December of 2006) is mothers and children, who are the most vulnerable group. 3 Although the government and humanitarian organizations made great efforts to promote maternal and children health, the anemia prevalence in Myanmar is still unacceptably high (around 70% in children and 60% in women). [4] [5] [6] Multiple factors contribute to anemia, including inherited conditions, infectious diseases, micronutrient deficiencies (such as iron, folate, and vitamin B12), and compromised environment factors. 7, 8 The post-partum period is conventionally thought to be the time of lowest anemia risk, because iron status is expected to dramatically improve after delivery because of the lower iron requirement with the birth of the infant and reduced blood losses by amenorrhea. 9 However, recent studies have pointed out that post-partum anemia is far more common than previously thought. [10] [11] [12] Also, women in poverty are at higher risk of anemia, which suggests that lactating women in Myanmar might face a threat of anemia. 12 To date, the anemia prevalence rate and its associated risk factors to lactating women in Myanmar are still unknown. In this study, lactating women in two rural villages located at Kachin and one village located at Shan (all located in the eastern part of Myanmar) were investigated. According to the health report from the Myanmar government in 2010, Shan region has the lowest antenatal care coverage rate in the country (53.1%), 13 whereas Karchin has the highest prevalence of infectious diseases. 13 This study was intended to determine the prevalence of anemia in lactating women in rural Myanmar and assess the factors that might be associated with anemia.
METHODS
Participants. This cross-sectional survey was conducted in Myanmar from January to May of 2011. Two villages in the rural area of Karchin (K1 and K2) and one village in Shan (S1) were selected with convenience sampling. Cluster sampling was used for screening all 747 women who were in the lactation period. Finally, 733 lactating women qualified and volunteered to participate in this survey (N K1 = 280, N K2 = 284, and N S1 = 169); 14 women did not qualify, mainly because they could not clearly respond to the questions or refused to take the blood test.
Data collection. Blood testing, physical examinations, and interviews were all performed by local health professionals, who were coordinated with provincial health officers and the Health Poverty Action (HPA), which is a British nongovernmental organization founded in 1984 that aims to secure healthcare access for marginalized communities in developing countries. An interviewer-administrated questionnaire was used to collect demographic characteristics, self-reported health-related status (diseases and symptoms that occurred in the last 3 months), and dietary information from the lactating women. The food consumption frequencies of three kinds of food (meat, egg, and dairy products), which are considered to be closely related to iron and protein intakes, were investigated and ranked as (1) never or less than one time per week, (2) one to six times per week, and (3) daily. Preliminary questionnaire testing, training of examiners and interviewers, and a pilot study were completed before data collection.
Height and weight were measured to calculate the body mass index (BMI; kg/m 2 ) and categorized based on the Asian BMI standard ( 18.5 kg/m 2 was defined as underweight). Mid-upper arm circumference (MUAC) was measured at the middle of the left arm using single-slotted insertion tapes (LeCheng 10-100 cm; Zhejiang, LeChen Co. Ltd., China). Blood samples were obtained from finger pricks of women, and hemoglobin (Hb) levels were measured using the Hemoscan Blood Hemoglobin Photometer (Hemoscan POCT; Chengdu BSD Instrument Co. Ltd., China). The presence and severity of anemia were diagnosed using WHO criteria for women adults, 14 which defines moderate anemia as Hb 110 g/L and severe anemia as 80 g/L.
Ethics. This study was conducted in compliance with the Declaration of Helsinki and approved by Peking University. Written consent was obtained from all the participants before data collection.
Statistical analyses. SPSS Version 15.0 (SPSS Inc., Chicago, IL) was used to carry out all the statistical analysis. All the variables were presented as mean, median, or frequency. χ 2 test was performed to determine significance before regression analysis (only the variables with P 0.05 were used to develop the regression model). Logistic regression (with the method of Backwards Wald) was used to obtain odds ratios (ORs) and 95% confidence intervals (95% CIs) and to analyze the associations between anemia and potential risk factors.
RESULTS
Prevalence of anemia. In total, 733 women qualified and participated in this study. The overall mean age was 28.8 ± 6.3 years (range = 16-49 years). The overall anemia prevalence was 60.3%, with 20.3% of women having severe anemia. The prevalence of anemia in three different regions is showed in Figure 1 , where K1 village had the highest anemia rate. There were no age differences between anemic and nonanemic women (mean ages of anemic and non-anemic women were 28.9 ± 5.8 and 28.9 ± 6.7 years, respectively; F = 8.024, P = 0.836).
Health indicators of participants. In this study, 11.9% of women were underweight (BMI 18.5 kg/m 2 ), and 28.3% of women were considered malnourished per MUAC (MUAC 22.5cm). Based on the data from local medical records, malaria occurred in 54 women (7.4%) 3 months before this study, and no women had acquired immunodeficiency syndrome (AIDS) or human immunodeficiency virus (HIV). According to the self-reported health-related symptoms, 18.7% of women reported that they had experienced symptoms of night blindness or poor darkness adaptation in the past year, and 23.6% of women reported recurrent oral ulcer history. Also, 14.9% and 13.2% of women reported fever of unknown origin and unidentified diarrhea, respectively.
Compared with non-anemic lactating women, anemic women had a significantly higher proportion of malnutrition (defined by MUAC 22.5 cm), self-reported symptoms of night blindness, self-reported recurrent ulcer, and selfreported fever of unknown origin according to single factor analyses (χ 2 = 7.706, P = 0.006; χ 2 = 74.55, P 0.001; χ 2 = 42.33, P 0.001; and χ 2 = 41.26, P 0.001, respectively). Socioeconomic and demographic characteristics, reproductive history, and dietary intake of women with or without anemia. The median family annual capita income was 833 (interquartile range [IQR] = 375-1,429) Myanmar kyat (MMK; 1 MMK equals $0.15 US). Median incomes in K1, K2, and S1 were 400 (IQR = 207-667), 1,333 (IQR = 1,000-1,962), and 667 (IQR = 289-1,111) MMK, respectively. Lactating women from lower-income families ( 800 MMK), without primary education, who drank spring and river water, and who drank unboiled water were more at risk for anemia in single factor analysis ( Table 1) . Woman with prolificacy (parity 2 times) were more susceptive anemia, whereas dystocia history and the time span of breastfeeding were not associated with anemia (Table 1) .
In this survey, none of the women consumed dietary supplements during the lactation period. Additionally, 57.8%, 62.6%, and 66.7% of women never consumed or consumed less than one time per week eggs, meat, and milk, respectively, whereas only 6.7%, 7.4%, and 18.6% of women had eggs, meat, and milk every day, respectively. The frequencies of egg, meat, and milk consumption were not associated with anemia (χ 2 = 3.78, P = 0.151; χ 2 = 5.28, P = 0.071; and χ 2 = 0.774, P = 0.679, respectively).
Multiple logistic regression analysis and anemia-related factors. Data from 717 subjects were eligible for logistic regression analysis, and the data from the remaining 16 subjects were not used because of missing values. Factors found to be associated with anemia in lactating women included MUAC 22.5 cm, self-reported symptoms of night blindness or poor dark adaptation, no primary education experience, low family annual capita income ( 800 MMK), drinking spring or river water, and drinking unboiled water (Table 2) .
DISCUSSION
Prevalence of anemia. Anemia is still widespread in Myanmar, and there is also a high risk of maternal mortality. 4 This current survey has supported and extended previous findings by showing that anemia is an important public health problem in lactating women from Myanmar.
In the surveyed populations, anemia during lactation was generally high. The overall prevalence was 60.3%, which is similar with the reported rate (61.1%) among women of reproductive age (15-45 years old); however, this number is much higher than the 42% prevalence in women living elsewhere in southeast Asia. 4 It is worth noting that the postpartum period is generally the time with the lowest anemia rate 9 ; however, anemia rates in some vulnerable villages were unacceptably high (exceeding 90% in K1). The consequences of anemia in post-partum women include impaired physical work capacity, low work efficiency, fatigue, depressive symptoms, reduced immune function, and other disease. 15, 16 In addition, high severe anemia rate is also a major concern in Figure 1 . Prevalence of anemia in lactating women from three villages in Myanmar. this investigated population (20.8%), and studies report that severe maternal anemia (caused by iron deficiency) can also greatly influence the iron status of their children. 17 Health indicators of lactating women. In this study, we found a high prevalence of underweight, low MUAC, and nutrition deficiency-related symptoms, which suggests that multiple nutrient deficiencies might exist in lactating women. In our results, women had a high rate of self-reported night blindness, which might indicate a vitamin A deficiency. 1 Vitamin A deficiency is an increasingly recognized problem among women of reproductive age, especially in low-income countries. 18 Previous studies have reported the co-occurrence of vitamin A and iron deficiency, because vitamin A deficiency might affect iron repletion. [19] [20] [21] Based on the results, symptoms of night blindness and MUAC 22.5 cm were associated with anemia in lactating women. However, because of the cross-sectional design, the causality between malnutrition and anemia could not been observed.
Previous studies reported that malaria and other infection diseases had high prevalence rates in tropical regions and were considered to contribute to anemia. 22 In these three investigated villages, malaria and other infectious diseases, to some extent, were controlled by the previous work of HPA, which included bed net distribution and timely treatment of diseases. However, we also found that 74 women had experienced malaria in last 3 months and that a number of women suffered from fever and/or diarrhea of unknown cause. Although the associations between infection disease and anemia were only found in single factor analysis, the health consequence on women because of infection disease in these regions still needs additional attention.
Risk factors associated with anemia. The results of this study confirmed that anemia had a high prevalence rate in low-income countries and low-income families. Villages K1 and S1 had significantly lower family incomes and were more disadvantaged compared with village K2. Moreover, lactating women from K2 accepted vitamin supplements (multivitamin or vitamin A) from United Nations International Children's Emergency Fund (UNICEF) in recent years, which might have contributed to the lower prevalence of anemia in that region. According to the UNICEF Humanitarian Action Plan for Myanmar, 60% of pregnant and lactating women were targeted to receive the micronutrients in the hard to reach areas in 2011, and 4,600 pregnant and lactating women were targeted to receive multimicronutrient supplementation in 2013. 23, 24 However, the data of the vitamin supplement intake rates and duration in the K2 village cannot be obtained for this study and previous reports. Women without primary education had a higher prevalence of anemia. We inferred that women in low-income families and without primary education were more likely to have worse living conditions, limited health knowledge of anemia, and worse nutrition status. In this study, we also found that drinking spring or river water and drinking unboiled water were associated with anemia. Although we did not collect data on parasite infection, we can infer that drinking unboiled water, especially from a spring or river, easily caused parasite infections, which led to intestinal bleeding and anemia. 25, 26 Boel and others 27 reported that the prevalence of helminth infection in Karen and Burmese pregnant women on the Thai-Burmese border was as high as 70%.
In addition, a large proportion of women did not consume eggs and meat on a daily basis, which might result in an insufficient intake of dietary iron. 28 Additionally, according to the anthropometric indicators and self-reported symptoms, malnutrition and nutrient deficiency symptoms were observed in a majority of women, and lack of eggs, meat, and milk, which are rich in protein and other essential nutrients, might be one explanation. However, food intake frequency was not associated with anemia in this study. The lack of association between food and anemia was also found in other populations that had multiple environmental risk factors of anemia. 29, 30 Limitations. Because of the case control design, there were inherent limitations. The causality between exposure factors and anemia could not been observed, and recall bias by the studied population might exist. For the subject selection, we could not use a stratified random sampling for subjects, because some villages were at war and not accessible. The anemia prevalence of women in those villages was expected to be higher. Unfortunately, in this study, we did not measure indicators like serum ferritin, transferrin saturation, and erythrocyte protoporphyrin because of the restricted working conditions. Consequently, we could not distinguish the type of anemia. Although the majority of anemia seems to be caused by micronutrient deficiency partly or exclusively, thalassemia was reported to have a high prevalence in Myanmar. 8, 21 Different types of anemia are managed in different ways. Anemia from genetic causes is attended to differently and intervention is slow compared with iron-deficiency anemia. 3 This study focused on exploring the controllable factors associated with anemia. Also, in this study, we did not test for helminths in stool samples or measure nutrient levels in blood, and therefore, helminth infection rate and nutrient deficiency prevalence were unknown. Additional studies still need to explore the underlying cause of anemia.
Another important predicator of anemia is perinatal healthcare. 31 The status of perinatal healthcare on an individual level was not investigated. On the regional level, the coverage rates of perinatal healthcare were improved in these three regions (based on the unpublished data obtained by HPA from 2006 to 2010, the antenatal examination rate improved from 59.9% to 80.8%, the rate of hospitalized delivery increased from 20.6% to 28.4%, and the rate of post-partum visit increased from 49.5% to 72.7%). However, the rate of hospitalized delivery is still unacceptably low. Plenty of work will need to be done to improve perinatal healthcare in these regions.
Conclusion. Lactating women in rural areas of Myanmar had a high prevalence of anemia. According to the results of this study, multiple contributing factors might coexist in an individual or a population. The most significant factors are low family income, no primary education experience, malnutrition, drinking spring or river water, or drinking unboiled water. Anemia usually can be prevented at a low cost, and the benefit/cost ratio of implementing preventive programs is recognized as one of the highest in the field of public health. 32 A combination of interventions, including infectious disease control, nutrition promotion, and health education, may be the ideal way to reach comprehensive anemia control in this region.
